We interpret the 750 GeV diphoton excess recently found in the 13 TeV LHC data as a singlet scalar in an extra dimensional model, where one extra dimension is introduced. In the model, the scalar couples to multiple vector-like fermions, which are just the KK modes of SM fermions. Mediated by the loops of these vector-like fermions, the φ effective couplings to gluons and photons can be significantly large.
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We interpret the 750 GeV diphoton excess recently found in the 13 TeV LHC data as a singlet scalar in an extra dimensional model, where one extra dimension is introduced. In the model, the scalar couples to multiple vector-like fermions, which are just the KK modes of SM fermions. Mediated by the loops of these vector-like fermions, the φ effective couplings to gluons and photons can be significantly large.
Therefore, it is quite easy to obtain an observed cross section for the diphoton excess.
We also calculate the cross sections for other decay channels of φ, and find that this interpretation can evade the bounds from the 8 TeV LHC data.
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I. INTRODUCTION
Recently, the ATLAS collaboration reported an excess at ∼ 750 GeV in the diphoton invariant mass distribution, based on the 13 TeV LHC data with an integrated luminosity of 3.2 fb −1 [1] . Assuming this excess is due to a resonance, the local (global) signal significance is 3.9σ (2.3σ). A very preliminary fit showed that the resonance has a broad width of ∼ 45 GeV. However, since the statistics of the current data is not quite sufficient, the measurement of the width should be treated as a hint rather than a final conclusion. On the other hand, a similar excess at ∼ 760 GeV have also been found by the CMS collaboration based on a data set of 2.6 fb −1 , but the local (global) significance is lower and just 2.6σ
(1.2σ) [2] .
These exciting results have stimulated lots of theoretical interpretations . Although some works suggested this excess may be due to a spin-2 particle [49, 50] or a spin-1 particle 1 [47, 70, 92] , most of these works interpreted it as a new scalar (φ) beyond the standard model (SM). New scalars can be naturally introduced from the Higgs sector in many SM extensions. However, since the observed cross section for pp → φ → γγ is ∼ O(10) fb, ordinary two-Higgs-doublet and supersymmetric models could not give such a large production cross section without further extensions [6, 9, 12] .
As LHC is a pp collider, parton distribution functions determine that gg fusion happens much more often thanannihilation. Besides, φ couplings to quarks are usually proportional to quark masses in many models. Therefore, gg fusion should be the dominant process for pp → φ production. In order to increase the pp → φ → γγ production rate, the φ couplings to gg and γγ, which are generally induced by loop processes, need to be significantly enhanced. This can be achieved by introducing multiple electrically charged and colored vector-like fermions coupled to φ [6, 20, 42, 73, 87, 93] . The vector-like feature is particularly appealing for avoiding gauge anomalies.
In this work, we give a reasonable origin for such vector-like fermions: they are KK modes of SM fermions in an SM extension where just one compactified extra dimension is introduced. We assume that there is a 5D CP-even singlet scalar field Φ that couples to all 5D fermion fields and generates their bulk mass terms by obtaining a nonzero vacuum expectation value (VEV). Once nonzero bulk masses are generated, the profiles of the zero modes will be exponential functions so that the zero modes are localized at either end of the interval of the 5th dimension. The localization of fermions is especially attractive because it can give an explanation to the fermion mass hierarchy problem [98] [99] [100] [101] [102] . Consequently, although the 5D fermions are born as vector-like fields, their zero modes will be chiral after
imposing Dirichlet boundary conditions and become the usual SM fermions, while higher KK modes remain vector-like.
Here this localizing feature is caused by the scalar VEV, thus Φ is called the localizer [99] .
We assume the excitation around the VEV of the zero mode of Φ is the observed 750 GeV scalar φ. φ automatically couples to the KK modes of the fermions, which are vector-like and charged under the electroweak gauge symmetry. Therefore φ can be produced through the gluon-gluon fusion process induced by the KK quark loops and then decays into two photons induced by the KK quark and KK charged lepton loops.
Rather than covering complicated setups, we fully simplify the model and just focus on how to explain the diphoton excess. Therefore, the gluon-gluon fusion process is assumed to be the only source for pp → φ production. After production, φ decays into gg, γγ, ZZ, γZ, and W + W − through loops, as well as hh at the tree level, which would be suppressed if the mixing between φ and the SM Higgs is small. We will calculate the cross sections for these processes and demonstrate that the model is consistent with all existed bounds.
The paper is organised as follows. In Sec. II we briefly introduce the model. In Sec. III we discuss the KK modes of φ and the mixing between φ and the Higgs. Sec. IV presents our interpretation to the 750 GeV diphoton excess and show that it is consistent with 8 TeV LHC bounds. Sec. V gives the conclusion.
II. THE MODEL
We discuss a quite simplified model, which is similar to the one in Ref. [99] . We assume all fields corresponding to SM particles are living in a flat 5D space-time. Rather than considering a orbifold structure and orbifold boundary conditions [103] , we simply adopt a compactified interval as the fifth dimension. The usual 4D coordinates and the extra dimensional coordinate are denoted as x µ and y ∈ [0, πR], respectively. As in universal extra dimensions [104] , gauge fields have boundary conditions that A y = 0 and ∂ y A µ = 0 at y = 0 and πR, and hence their zero modes have flat profiles f gauge (y) = 1/ √ πR. The
Higgs field distributes in the 5D space-time with a flat VEV, and its zero mode also has a flat profile.
Apart from the Higgs, a new singlet scalar Φ is introduced. We assume the VEV of Φ is flat, in order to generate constant bulk masses for all fermions. After solving the equation of motion with proper boundary conditions on the fermions, we can obtain chiral zero-mode fermions, which play the role of ordinary SM fermions. The profiles of these zero modes are localized at either end of the interval and exponentially spread into the 5th dimension.
To be precise, we consider the action describing a 4-component 5D fermion Ψ coupled to Φ as
where Γ M is the gamma matrices with the fifth matrix defined as
where A M is a gauge field andg is a gauge coupling with a mass dimension of −1/2. After Φ develops a VEV v φ , the fermion acquires a bulk mass
where y f =ỹ f / √ πR is a dimensionless Yukawa coupling.Φ is the excitation around the VEV.
The kinetic and bulk mass terms in the action (1) give the following equation of motion for a free fermion field:
Dirichlet boundary conditions will be imposed on either the left-handed or the right-handed component of Ψ. These two components can be decomposed in modes:
Substituting the mode decomposition into Eq. (3), we obtain
Thus the 4D field of each mode satisfies the Dirac equation.
The profile of a zero mode with a zero mass (
and πR, we will have g (0) (y) = 0 (f (0) (y) = 0), which means that the zero mode is chiral as desired for SM fermions. Note that the zero mode here does not have mass, which can be acquired from the ordinary Higgs mechanism as we will see below.
On the other hand, the KK modes (n ≥ 1) are vector-like, i.e., their left-handed and right-handed components transform as the same under a gauge symmetry. The profiles of these KK modes can be exactly solved. If the boundary condition is Ψ R = 0 at y = 0 and
The mass of the n-mode is given by m
In this model, we assume that the 5D fermion fields for SU(2) L doublet fermions have this kind of boundary conditions, so that their zero modes are left-handed. For the 5D fermion fields for SU(2) L singlet fermions, we impose the boundary condition that Ψ L = 0 at y = 0 and πR, and hence their zero modes are right-handed.
Substituting the mode expansion of Ψ into the action, we can obtain the couplings betweenΦ and each mode of the fermion. After integrating out the 5th dimension coordinate, the effective 4D action of the Yukawa interactions corresponding to a fermion with a lefthanded zero mode can be expressed as
where the 4D scalar field φ(x) corresponds to the zero mode ofΦ, and
coupling in the action (8) . Below we will see that the coupling in the first line will contribute to the LHC production and decay of φ through loop processes. If the bulk mass M f vanishes, the φF (n) F (n) couplings would vanish as well, even in the case that y f is non-zero and M f is tuned to be zero by adding another constant bulk mass to compensateỹ f Φ . Therefore, a non-zero bulk mass is necessary for loop production and decay of φ in this model.
For simplicity, we assume thatỹ q andỹ l are universal for all quarks and leptons, respectively. For the SU(2) L fermions, we assume that the singlet Yukawa couplings to Φ are opposite to the corresponding doublet Yukawa couplings. That is to say, the Yukawa terms for the quark doublet Q and the lepton doublet L can be given by −ỹ q ΦQQ −ỹ l ΦLL, while those for the singlets U, D, and E are +ỹ q ΦŪ U +ỹ q ΦDD +ỹ l ΦĒE. Then the profiles of the KK modes of a doublet has the forms of Eqs. (6) and (7), while the profiles of the KK modes of a singlet are given by
With this special setup, g
s (y) is the same as f (n) (y) in Eq. (6). If there is Yukawa couplings of the Higgs field to the doublets and singlets, e.g., −ỹ uQ iσ 2 H * U + h.c., due to the orthogonality between g (n)
s (y) and f (0) (y), in the effective 4D action the Higgs boson would only connect the same modes:
Consequently, a mixing mass term between the zero mode of a singlet (doublet) and a KK mode of a doublet (singlet) cannot be generated by the Higgs VEV due to this orthogonality.
It also kills any decay process of φ like Fig. 1 , therefore φ can neither be produced fromnor decay to quarks and leptons. Now we discuss how the fermion KK modes couple with the gauge fields. The zero mode of a gauge field has a flat profile, while its KK modes have profiles as
Masses of these KK modes are nM KK , if we neglect the contributions for W and Z from the Higgs VEV. From the flat profile of the zero-mode gluon and the orthogonality between different KK modes, we can obtain the interactions between the zero-mode gluon and quarks:
The interaction between the photon and fermions are similar except that the gauge coupling is replaced by the electric charge.
Feynman diagrams for gluon-gluon fusion to φ (a) and φ → γγ decay (b) through the loops of Q (n) and L (n) . There are also analogous diagrams through the loops of U (n) , D (n) , and
The Feynman diagrams for gg → φ and φ → γγ are shown in Fig. 2 . The effective operators of φGG and φAA couplings can be obtained by integrate out the fermion loops.
This is similar to the SM Higgs case. Adopting the parametrization in Ref. [105] , the effective operators are
where the factor κ g and κ γ come from loop integration and are mainly contributed by fermion loops in our model:
where C(r f ) and N c (r f ) are the index and the dimension of the SU(3) C representation where the fermion lives in, respectively. Q f is the electric charge of the fermion. The loop function
with
From the action (8), we can read off the factor as
Combining all the results above, one can calculate the gluon-gluon fusion production cross section for φ and its diphoton partial decay width. Since there are 3 generations of fermions with different KK modes, the production rate for pp → φ → γγ would be significantly increased.
III. THE KK MODES OF Φ AND SCALAR MIXING
In this section, we discuss more details about the singlet scalar Φ to justify the model.
According to the equation of motion of the scalar in a compactified extra dimension, the n-mode mass of Φ is given by
where M comes from the quadratic term of Φ. In order to give bulk masses for fermions, the quadratic and quartic terms of Φ in the potential must be appropriate to make the zero mode φ develops a nonzero VEV.
However, if M KK < M, the 1-mode of Φ would also develop a nonzero VEV. To circumvent this complication, we assume that M KK > M. Moreover, for avoiding possible experimental constraints, it would be necessary to make the 1-mode heavier than the 0-mode, i.e., m
TeV, this relation will be satisfied for M 660 GeV given m φ = 750 GeV. As φ (1) have similar interactions as φ, if it is just slightly heavier than φ, it would be promising to discover it in the following LHC runs.
Since the profiles of different modes are orthogonal to each other, there is no mixing term between φ and φ (n) . Nonetheless, the mixing between φ and the 0-mode of the Higgs field H is inevitable. Although more data are required to increase the statistics, current LHC results suggest that the Higgs couplings to SM particles are quite consistent with the standard model. Thus it would be more safe to demand a small mixing. The 4D potential with φ and H involved is
The VEVs are obtained by minimizing the potential: 
where m 
we can find that
in the small α limit,
As m φ ≈ 750 GeV ≈ 6m h , we have
Thus the small mixing condition corresponds to
For instance, sin α ≈ 0.1 needs λ hφ < 0.17 λ φ .
On the other hand, the value of λ hφ also affects the tree level decay φ → hh, whose partial width is approximately given by
If λ hφ ∼ λ φ , we would have Γ(φ → hh) ∼ 0.03m φ . Then this channel would be dominant and give a broad total width. However, it would be easily excluded by the 8 TeV LHC result σ(pp → φ → hh) < 39 fb [106] . For these reasons, below we will just consider the small mixing case and fix λ hφ = 0.01.
IV. INTERPRETATION TO THE 750 GEV DIPHOTON RESONANCE
In the model, the effective operators for φ couplings to gluons and photons can be explicitly expressed as
where we have included all vector-like fermion loops, and n * is the maximum of n we consider. Note that the model we discuss in this paper is actually an effective model, and the perturbative unitarity could be violated for a large n * . According to the unitarity arguments in Ref. [107] , we have n < 3 for this model. Thus we adopt n * = 2 in the following calculation to obtain an optimized enhancement for the pp → φ → γγ production.
The free parameters in the model are v φ , M KK , y q , and y l . The Yukawa couplings y q and y l should not to be too large to remain perturbative. The φ decay channels involved are φ → gg, γγ, hh, Zγ, ZZ, and W + W − . The hh channel is the only tree-level decay process and the rest are generated by vector-like fermion loops. We numerically calculate the partial widths for the loop-induced channels using the code FeynCalc [108] and LoopTools [109] .
Under the narrow width approximation, the cross section for pp → φ → X 1 X 2 can be computed by
where Br(φ → X 1 X 2 ) is the branching ratio of the φ → X 1 X 2 decay. We calculate In the following, we investigate which values of the parameters can give a cross section of pp → φ → γγ consistent with observation. In this model, the φ → gg partial width is much larger than that of any other channel. Therefore we can roughly estimate the branching ratio of φ → γγ as
for y l = y q . Thus the cross section σ(pp → φ → γγ) at 13 TeV is
The diphoton excess signal at the 13 TeV LHC corresponds to σ(pp → φ → γγ) = 5 − 20 fb.
Apparently, if v φ ∼ M KK ∼ 1 TeV and y q ∼ 1, σ(pp → φ → γγ) at 13 TeV would be around 9 fb, which is favored by current data.
On the other hand, there are some constraints for resonances from LHC Run 1 data.
Relevant 95% C.L. bounds at the 8 TeV LHC include [106, [112] [113] [114] [115] [116] [117] :
In the model, φ could decay into SM quarks and leptons through the mixing with the Higgs boson. However, since we have chosen a very small mixing parameter, these decay channels can be neglected. Therefore, the pp → φ → jj process principally comes from the φ → gg decay, and the pp → φ → l + l − process is irrelevant to the phenomenology here.
After calculation, it turns out that the pp → φ → Zγ, jj, and hh searches at the 8 TeV LHC can hardly constrain the relevant region of the parameter space, and we will not plot their bounds in the following figures. In order to investigate how large M KK could be, we fix v φ = 1 TeV and demonstrate in Fig. 4 the contours of σ γγ in the M KK -y q,l plane assuming y l = y q . We find that if we can tolerate y q,l as large as 5.3, M KK can reach up to 5 TeV for an desired diphoton signal. On the other hand, if we can just tolerate y q,l ∼ 2, then M KK is bounded to below 2 TeV. We also plot the contours of the φ total decay width Γ tot in Fig. 4 . We find that the predicted Γ tot could reach up to ∼ 1 GeV, which is still smaller that the favored value 45 GeV from the preliminary ATLAS analysis. If such a broad width persists in the follow-up experiments, extra decay channels might be needed to increase the total width. For instance, φ may decay into a pair of DM particles and this can be still consistent the 8 TeV bounds [4, 66] . Finally, we study how σ γγ depends on y q and y l , as presented in Fig. 5 , where M KK = v φ = 1 TeV is fixed. Since vector-like quark KK modes both enter the φgg and φγγ effective couplings while vector-like charged lepton KK modes only contribute to the φγγ effective coupling, σ γγ is more sensitive to y q . As y q decreases, y l should be dramatically increased to enhance the γγ branching ratio for compensating the signal. Although y l may be even allowed to vanish, y q should be at least ∼ 0.5 for explaining the diphoton excess. 
V. CONCLUSIONS AND DISCUSSIONS
The 750 GeV diphoton excess recently found in the 13 TeV LHC data have drawn great attention of the high energy physics community. In this work, we interpret it as a singlet scalar φ in an extra dimensional model, where just one compactified extra dimension is introduced.
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